Abstract: Conducting polyaniline (PANI) nano particles doped with HCl was synthesized by a sonochemical method. Polyaniline/poly(styrene-alt-maleic acid)/polystyrene composites with different polyaniline content were developed by solution-dispersion blending method. The influence of poly(styrene-alt-maleic acid) concentration in composite structure was also investigated. The composite dispersed solution in tetrahydrofuran (THF) was cast to fabricate conductive films with evaporation of the solvent. With only a mixing procedure and without any dispersant added, the PANI nanoparticles were well dispersed in the matrix polymer as indicated by scanning electron microscopy (SEM) images. The conductivity of obtained composites was measured with four probe technique. All of obtained composites have conductivity and between them, the maximum electrical conductivity was 2.4 S/cm. The obtained composites were characterized by FT-IR and UV-Vis spectroscopy.
Introduction
PANI has been considered as one of the most potential conducting polymers for various electrochemical, electrorheological and electronic applications such as batteries, sensors, controlling systems and organic displays because of its facile synthetic process, good environmental stability, easy conductivity control and cheap production in large quantities [1] [2] [3] [4] [5] . However, its processability to make either films or coated layers is rather difficult because it is infusible and insoluble in common solvents, so that the above-mentioned commercial applications have been limited. In order to solve these problems some alternative methods to enhance PANI processability have been reported [6] . For instance, PANI processability and thermal stability can be improved by redoping with functionalized organic acids. Although soluble PANI using bulky dopants such as dodecylbenzene sulfonic acid and camphor sulfonic acid were developed, their commercialization was also considered to be inadequate due to toxicity of solvent used and difficulty in their preparation [7] [8] [9] . Besides, pure PANI has poor mechanical properties. The structure modification by ring substitution is another method used to improve polyaniline solubility and processability. Unfortunately, the introduction of ring-substituted groups is detrimental to polymer's conductivity [10] .
Another approach to enhance the processability of PANI is a composite method using various polymeric materials [11] [12] [13] [14] . Composite method is the most important in which a conducting polymer is incorporated in an insulating polymer. By this method, composites with reasonable conductivities and mechanical properties can be prepared by adjusting the ratio of a conductive component to an insulating component. The composites have better mechanical properties and stability than those of the pure conducting component [15] [16] [17] .
It is well known that the electrical properties of composites depend on concentration, size and shape of conductive particles. Further, the intermixing of two phases will also play a major role in controlling physical properties.
PANI composites can be prepared either by post-polymerization or in-situ polymerization [18] . The post-polymerization method implies that chemically synthesized PANI is dispersed in a polymer matrix under either a solution state or a molten state of matrix. Nonetheless, since the doped PANI salt is very hydrophilic with a high surface energy, it is hard to disperse directly the PANI in polymer matrices such as polystyrene and poly(methyl methacrylate) [18] . So all methods for preparation of conductive composite that can be disperse the PANI directly in the polymer matrix such as polystyrene and poly(methyl methacrylate) homogeneously will be important.
In this study the PANI nanoparticles were prepared by sonochemical synthetic method. Then the doped form of PANI in HCl was blended with poly(styrene-altmaleic acid) (PSMAC) in THF. Since the PSMAC is an organic polymeric acid, this polymer can act as an external dopant for PANI. The new interactions between two polymers causes the PANI to be dispersed homogeneously in the PSMAC matrix. For obtaining better mechanical properties and good flexibility, the blend of PANI/PSMAC was further blended with commercial polystyrene in appropriate ratios.
Results and discussion
The aniline polymerization in acidic medium results in the formation of a protonated, partially oxidized form of PANI. This process under ultrasonic irradiation leads to nano particle PANI [1, 2] . The free-radical polymerization of the PSMA is facile, and the copolymer is readily recovered. Styrene and maleic anhydride are known to produce alternating copolymers and the molecular weight of copolymers could be controlled by varying the molar ratio of free-radical initiator and volume of added solvent [19] . The molecular weight and polydispersity (PD) of the obtained PSMA was determined by GPC and M w = 13845 with PD = 3.02 was obtained.
The PSMA copolymer was subjected to base catalyzed hydrolysis to complete hydrolysis of the maleic anhydride repeated groups in backbone of copolymer. Hydrolysis of the maleic anhydrides in the copolymer produced the carboxylic acid repeat groups in the copolymer backbone. Figure 2 shows the FT-IR spectrum of the PSMAC. For comparison the FT-IR spectrum of PSMA is also given in Figure 2 . As shown in Figure 2A the spectrum of the PSMA copolymer displays characteristic anhydride peaks at 1778 and 1857 cm -1 while as in the Figure 2B related to the PSMAC the anhydride peaks have disappeared and instead the carbonyl peak of carboxylic acid is displayed at 1710 cm -1 and the broad band of hydroxyl groups of carboxylic acid at 3429 cm -1 is displayed too. Preparation of conducting nano composites based on nano particles of PANI-HCl was investigated in this study by dispersion mixing method followed by evaporation of the solvent. Figure 3 shows a typical FT-IR spectrum of PANI/PSMAC/PS composite. FT-IR spectrum of the composites shows the characteristic absorption peak of PANI at 1560 and 1476 cm -1 which is assigned to the non-symmetric benzene ring stretching mode (the ring stretching in quinoid unit and ring stretching in benzenoid one, respectively) [20] . The peaks approximately around 1240 and 1298 cm -1 should be due to the aromatic amine nitrogen (C-N stretching vibration) for doped PANI associated with the oxidation or protonation states [20] . The peak at 1653 cm -1 can be attributed to carbonyl groups of PSMAC in composite structure which is considerably shifted with respect to the expected free carbonyl group absorption around 1700 cm -1 , due to interactions with PANI macromolecules via intermolecular H-bonding [21, 22] . The composition of composites and results of conductivity measurements are listed in Table 1 . The plot of conductivity versus PANI-HCl wt% is shown in Figure 4 . All prepared composites shows conductivity and among them the maximum conductivity obtained was 2.4 S/cm. Almost the mentioned conductivity is extremely high among obtained composites up to now which was obtained at extremely medium PANI-HCl contents (of 55 wt.% PANI-HCl). As one can see in Table 1 the conductivity of obtained composites was increased by increasing PANI content in composite structure. Also the results of Table 1 shows that the content of the PSMAC in the structure of composite completely have a determinative effect in conductivity of obtained composites, because the PSMAC copolymer is an organic polymeric acid which can act as external dopant for PANI. Therefore increasing amount of PSMAC in the composites causes an increase in the conductivity. Besides the effect of the PSMAC on conductivity of composites, because of existence the carboxylic acid functional groups on backbone of the PSMAC, good interaction between it and PANI lead to well dispersion of PANI in matrix of the PSMAC. On the other hand the PSMAC copolymer in composite structure causes better compatibility with polystyrene, so the homogeneous composites were obtained with good mechanical properties and flexibility with only a mixing procedure and without any dispersant added. The microstructural characterization of the composites of PANI/PSMAC/PS was carried out by means of SEM technique.
Fig. 5. SEM images of composites PANI/PSMAC/PS with different magnitude.
As one can observe from Figure 5 the micrographs reveal polymeric composites with quite homogeneous morphological appearance. Evidently, the homogeneous formation of composites of polyaniline in the PSMAC and PS is observed and the presence of polymeric agglomerates is not observed in the composite structure of PANI/PSMAC/PS. Also these pictures show that the surface of blends was apparently smooth and blending process was accomplished successfully.
The composites films of PANI/PSMAC/PS were obtained by evaporation of the organic solvent from homogeneous coating solution on the surface of glass plate. The digital photographs of obtained films are shown in Figure 6 . As one can observe from Figure 6 these films are smooth with homogeneous structure. The UV-vis absorption spectra of PANI/PSMAC/PS composite dissolved in DMSO were recorded ( Figure 7A ). The absorption spectrum helps to detect the presence of the polyaniline salt and it is base. The UV-Vis spectrum of polyaniline salt in DMSO is also given in Figure 7B . As one can observe from Figure 7A an intense peak at ca. 330 nm is attributed to the π-π* transition of benzenoid rings. The absorption at 570 nm in the emeraldine base is assigned as due to the π-π* transition of quinoid rings on the polyaniline chain. The existence of these bands in composites confirmed the presence of polyaniline in the blend. A weak band which appears about 820 nm might be due to protonation of imine sites of polyaniline by polymeric organic acid (PSMAC) [23] . Its existence also indicates that the salt is poorly soluble in DMSO and that there is always some amount of base present [12] .
Conclusions
The PANI in nano scale was obtained by oxidation polymerization in presence of ultrasonic irradiation. PANI/PSMAC/PS composite was prepared with solution blending method in various ratio of component. With only a mixing procedure and without any dispersant added, the PANI nanoparticles were well dispersed in the matrix polymer as indicated by scanning electron microscopy (SEM) images. We obtained a composite with good homogeneity and conductivity. The obtained composites formed films with good homogeneity and flexibility. The result of experimental showed that the conductivity of composite was increased with increasing PANI content. Also PSMAC increase in composite structures lead to increase in conductivity.
Experimental

Materials
Aniline (Merck) was doubly distilled in the presence of zinc dust to eliminate the oxidation impurities. Styrene, maleic anhydride, concentrated solution of hydrochloric acid (HCl), ammonium peroxydisulfate [(NH 4 ) 2 S 2 O 8 ], tetrahydrofuran (THF), sodium hydroxide (NaOH) and benzoyl peroxide (BPO) were purchased from Merck and were used without further purification. Commercial grade polystyrene was donated by Tabriz Petrochemical Company. All solvents (Merck) were used as received without further purification. Aqueous solutions were prepared with twice distilled water.
Spectroscopy
FT-IR spectra were recorded on a Thermonicolet (Nexus 670) spectrometer and transmission spectra were obtained by forming thin transparent KBr pellets. UV-vis absorption spectra were recorded on a T-80 UV-vis spectrophotometer (PG Instrument Ltd) using the solution of the blend in dimethyl solfoxide (DMSO). The conductivity measurements were performed by standard four probe technique. The samples were flexible film obtained by pressing the powder at a pressure of 15 MPa. Particle size and morphology of the particles were examined via scanning electron microscopy (SEM).
The molecular weight of the resulting polymers were obtained with a Maxima 820 Gel permeation chromatography (GPC) analysis instrument using polystyrene calibration standards with THF as the mobile phase at a flow rate of 1.0 mL/min at room temperature.
Polymerization of aniline
The PANI in nano scale was obtained by oxidizing aniline in dilute hydrochloric acid with ammonium peroxy disulfate as oxidizing agent in presence of ultrasonic irradiation. Typically aniline salt is formed by slow addition of aniline (4 ml) (0.0439 mol) in an aqueous hydrochloric acid (100ml) (1M). The oxidant solution was prepared by dissolving 5gr (0.022 mol) of ammonium peroxysulfate in 50 ml water. Both solutions were cooled to 0-4 ºC in an ice bath. The aniline salt solution was poured in to three necked flask equipped with inlet and outlet of nitrogen and probe of ultrasonic irradiation and dropping funnel. The solution was degassed with inert gas such as nitrogen by bubbling gas through the solution for removal of all dissolved oxygen in solution. The oxidant solution was added dropwise to aniline salt solution by dropping funnel under ultrasonic irradiation using a power of 100 W and operated at 40 kHz for 1 h. The mixture was kept under ultrasonic irradiation for additional 4 h in 0-4 ºC to ensure completion of polymerization. After 4 h the ultrasonicating was stopped and the dark green powder was collected on a filter paper by gravity filtration and washed several times with distilled water and methanol. After then, the sample was undoped with ammonia water (5 wt.%) for 3 h and washed exhaustively with water until the filtrate became neutral. The filtrate was dried in vacuum (50 ºC). The polymer in emeraldine base (EB) form was obtained. For doping of the sample, about 1.5 g of the EB powder was transferred into 150 ml hydrochloric acid (1 mol/dm 3 ) and stirred with a magnetic stirring bar for 3 h and then was filtered and washed with water. The hydrochloric acid doped PANI nanofibers were dried in vacuum (40 ºC) for 24 h.
Preparation of poly (styrene -alt -maleic acid)
First poly(styrene-alt-maleic anhydride) (PSMA) was prepared through a thermally initiated free-radical polymerization of styrene and maleic anhydride according to the literature method [19] . Briefly equimolar amounts (0.005 mol) of styrene (573 mL) and maleic anhydride (0.49 g) were combined in a 100 mL round bottom flask with BPO and dried THF. The mixture was degassed by nitrogen to remove oxygen from the reaction vessel prior to polymerization. Polymerizations were carried out overnight in 80 ºC by stirring under nitrogen atmosphere. The polymerization product was diluted in THF followed by dropwise addition into a 100-fold excess (v/v) of cold diethyl ether to precipitate pure PSMA polymer, which was then filtered and dried under vacuum at room temperature. In second stage, PSMA copolymer (1 g) was subject to base-catalyzed hydrolysis. Briefly, 1 g of PSMA was added to 20 mL of 2 N NaOH solution and stirred for 5 h at room temperature. The copolymer was recovered from NaOH solution by acid precipitation using 1 N HCl. The precipitate was washed with distilled water several times and dried under vacuum for 24 h in 60 ºC.
Preparation of PANI/PSMAC/PS conducting composite
PSMAC (1.5 g) was added to in 20 ml of THF at room temperature and stirred until complete dissolving. Afterwards 2 g PANI nonoparticles doped with HCl was added to above mentioned solution and stirred to form homogeneous dispersion. The dispersion obtained was then mixed with a 20 ml solution of PS (2.5 wt %) which was prepared by dissolving the PS beads in THF with magnetic stirring, and then the mixture stirred for additional 2 h. Finally the homogeneous coating solution was obtained. Additional coating formulations with different PANI nanoparticles loadings and different ratio of PSMAC to PS were prepared. The coating solutions were cast on glass plate to obtain smooth films and dried at room temperature for 48 h.
